Activation cross sections of deuteron induced reactions on ytterbium for production of 177g,173,172,171,170,169,167 Lu, 177,175,169 Yb and 173,168,167,165 Tm were extended up to 50 MeV deuteron energy. The new data are in acceptable agreement with the earlier experimental data in the overlapping energy region. The experimental data are compared with the predictions of the ALICE-D, EMPIRE-D and TALYS 1.4 (TENDL-2013 on-line library results) codes.
Introduction
To meet the requirements of improving the reliability of available experimental and theoretical cross section data, we started to establish an experimental database some years ago, by performing new experiments and making a systematical survey of published deuteron induced activation cross-sections up to 50 MeV [1] . In an earlier publication we presented the activation crosssections of longer-lived products of deuteron induced nuclear reactions on ytterbium up to 40 MeV, obtained in irradiations at the Sendai cyclotron [2] . The earlier data of Nichols et al. [3] , Hermanne et al., [4] , Manenti et al. [5] and Dmitriev et al. [6] were discussed in more detail at energies below 30 MeV in this publication. Since that time only one new work was published by Manenti et al. on physical optimization of production of high specic activity 177g Lu by deuteron irradiation [7] . We have had now the possibility to extend the energy range up to 50 MeV deuteron energy and to investigate some shorter-lived reaction products (in the 40 MeV experiments the first γ-spectra could only be measured one day after end of bombardment). To avoid repetition of the content of our previous paper [2] we describe the experiment, the results and the theoretical comparisons only in summary form. * Corresponding author: ditroi@atomki.hu
Experiment and data evaluation
For measurements, the well-known stacked foil irradiation technique and high resolution γ-spectrometry were used. Yb metal foils, interleaved with Al foils for monitoring beam characteristics were stacked and irradiated at the UCL (LLN) cyclotron. The Yb foils were irradiated together with Nd foils. The report on activation cross section data on Nd is in progress [8] . The main experimental parameters and methods of data evaluation are summarized in Table 1 . The complete excitation function was measured for the nat Al(d,x) 24 Na monitor reactions, allowing to control the beam intensity and the energy by comparison with recommended data [9] , and are shown in Fig. 1 in our earlier submitted paper on nuclear reactions on simultaneously irradiated Nd [7] . The decay characteristics of the investigated reaction products and the possibly contributing reactions in the energy region studied are summarized in Table 2 . It should be mentioned that in a few cases we could not find independent γ-lines to assess the produced activity of the investigated radioisotopes. In these cases the contributions of the overlapping γ-lines from the decay of the other nuclides were subtracted.
Comparison with the results of model codes
In our previous work we made calculations for the investigated reactions using the modified model codes ALICE-IPPE [17] and EMPIRE-II [18] . In the used [9, 12] Number of Yb target foils 19 Decay data (see Table 2 ) NUDAT 2.6 [13] Accelerator Cyclone110 cyclotron of Universit Catholique in Louvain la Neuve (LLN) Belgium
Reaction Q-values(see Table 2 ) Q-value calculator [14] Primary [19, 20] . Here we repeat these results for comparison above 40 MeV too. The new experimental data are also compared with the cross section data reported in the TALYS 1.4 based [21] TENDL-2013 data libraries [22] .
Results
The cross-sections for all reactions investigated are shown in Figs. 114 and the numerical values are shown in Tables 3-4. The contributing reactions can be found in Table 2 . The reactions were discussed in detail in our previous work [2] . The agreement (or disagreement) of the new data with the previous experimental data and with the model results are shown in the corresponding figures and discussed below. The new results are in acceptable agreement with the previous data in most cases. As in [2] we deduced already integral yields for production of the investigated reaction products up to 40 MeV, we did not include in this paper a new figure extended to 50 MeV.
4.1.
177g Lu (cum)
The cumulative production of 177g Lu (6.71 d halflife) following the total decay of parent 177 Yb (T 1/2 = 1.9 h) was detected. It practically contains no contribution from the internal decay of 177m Lu (160.4 d, IT 21.7%) (long-lived, low formation cross-section). Only two cross section points were reliably assessed, near the maximum (Fig. 1) . The new data are in good agreement with our earlier results, but somewhat higher than the results of Manenti [5] and Hermanne [4] . The nuclear model codes, especially the TENDL-2013 give lower values in this energy region.
4.2.
173 Lu
The production of 173 Lu (1.37 a) arises from nat Yb(d,xn) 173 Lu reactions on different stable Yb isotopes (Fig. 2) . The new data are in good agreement with our earlier results [2] and also with those of Manenti [5] and Hermanne [4] . The values of Nichols [3] do not even reproduce the first maximum. The nuclear model codes follow the shape of the experimental curve and also the values, but it is difficult to judge, which of them gives the best approximation.
4.3.
172g Lu (m+)
The cross sections contain the complete contribution of the decay of short-lived isomeric state (3.7 min) ( code, while both other codes overestimate the maximum and also the maximum energy.
171g Lu (m+)
The cumulative production of 171Lu (8.24 d) includes the complete decay through isomeric transition of the short-lived (79 s) isomeric state (Fig. 4) . The new data are in good agreement with our former results, with the experimental results of Hermanne [4] and Manenti [5] , but give somewhat lower values than our previous results between 20 and 40 MeV. The best estimate is given by the TENDL-2013 prediction. 
4.6.
169 Lu 169 Lu (32.018 d) is produced directly via the nat Yb(d,xn) reactions (Fig. 6) . The new data are in good agreement with our previous experimental results. The best model approach is given by the TENDL-2013 library again.
4.7.
167 Lu
No earlier experimental data were found for the formation of 167 Lu through the nat Yb(d,xn) 167 Lu reactions. Our new data for production of 167 Lu (51.5 min) are presented in Fig. 7 . Our new experimental data are below all predictions of the nuclear reaction model codes.
4.8.
177 Yb
In our previous measurement up to 40 MeV [2] we could not identify the γ-lines of 177 Yb (1.911 h) in our spectra due to the long cooling time. As in these experiments measurements could be started 2 h after EOB, a statistically significant signal for the independent 150. with [4] and [5] . 177 Yb can only be produced via the 176 Yb(d,p) 177 Yb reaction. All nuclear reaction model codes underestimate the maximum value, the best estimate is given by the ALICE-D code (due to its improved (d,p) capability).
4.9.
175 Yb (cum)
The cumulative production of 175 Yb (4.185 d) (via direct (d,pxn) reactions and from β − -decay of 175 Tm (15.2 min) ) is shown in Fig. 9 . Our new data support the earlier data from our group [2, 5] in the lower energy region due to the 176 Yb(d,2pn) reaction. All nuclear reaction codes underestimate the experimental values, only the first maximum energy is given correctly by the ALICE-D and EMPIRE-D codes. The second broad maximum is only predicted by the TENDL-2013 library.
4.10.
169 Yb (cum)
The measured cumulative activation cross-sections of 169 Yb (T 1/2 = 32.018 d) are shown in Fig. 10 . This radioisotope is obtained through direct production via nat Yb(d,pxn) reactions and from the decay of the shorter-lived parent 169 Lu (34.06 h). Our new data are in good agreement with our previous results in the overlapping energy range and also with the other experiment in the low energy region. Now, all the nuclear reaction model codes give similar results in the measured energy region. The TENDL-2013 prediction seems to be the closest approximation, but it does not predict the expected maximum below 50 MeV. 
173 Tm
The cross sections of directly produced 173 Tm (8.24 h) are presented on Fig. 11 . In spite of the quite strong scattering, our new experimental data support our previous measurement. EMPIRE-D and ALICE-D give acceptable estimates below 27 MeV, reproducing the first local maximum too, while TALYS completely fails in this case.
4.12.
168 Tm
The measured excitation function for direct production of 168 Tm (93.1 d) is shown in Fig. 12 . Because of the low statistics the data are scattered again, but the good agreement with our previous results is obvious. All nuclear reaction model codes, especially TALYS, underestimate the experimental values.
4.13.
167 Tm (cum)
The excitation function for cumulative production of 167 Tm (9. 
4.14.
165 Tm (cum)
The measured excitation function for 165 Tm (30.06 h) is shown in Fig. 14 . It was produced both directly through nat Yb(d,pxn) reactions and indirectly from decay of short-lived parent 165 Yb (9.9 min). The overlap with our previous results is acceptable. The best prediction is given by the ALICE-D code in this case. 
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Correction During the EXFOR compilation of our previous paper on cross sections for deuteron induced processes on Yb (F. Tarkanyi et al., Nucl. Instrum. Meth. section B, 304(2013)36-48 [2] ) it was discovered that the decay data of 169 Lu are misprinted in Table 1 of that publication. However, the cross section values presented in the tables and in the figures are correct. The 169 Yb decay data used in the calculations are: T 1/2 -34.04 h, E γ (I γ )-191.214 keV (20.6 %) and 960.622 keV (23.4 %). 
